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BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 

5 The present invention relates to clocked circuits for processors. More 

particularly, the invention relates to a single-transistor-clocked circuit, more especially 
to a single-transistor-clocked flip-flop. 

DESCRIPTION OF RELATED ART 

10 

Power consumption is a constant concern in modern processors. Processor 
clock systems, consisting of flip-flops and latches, consume a large amount of power in 
modern processors. The clocked transistors within a flip-flop have 100% switch 
activity and present a huge load on the clock distribution network. If one can reduce the 

1 5 number of clocked transistors in a flip-flop, the clock tree will have less capacity load 
and hence reduce the power consumed in the clock network. This will further result in 
reducing the number and size of the clock driving buffers, which will in turn cause a 
significant reduction in the power consumption of the overall system. 

One flip-flop well known in the prior art is the ep-DCO, which is described in 

2 0 Tschanz, J. etal, "Comparative Delay and Energy of Single Edge-triggered And Dual 
Edge-triggered Pulsed Flip-flops For High-performance Microprocessors," 
International Symposium on Low Power Electronics and Design, pages 147 -152, 
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2001. Referring to Figure 1, ep-DCO 100 comprises first branch 135 having transistors 
102, 104, 106 connecting in series between first node 127, which is coupled to a high 
or logic one potential, and second node 1 17 which is coupled to a low, or logic zero 
potential. Second branch 133 is provided and includes transistors 108, 110, 112 
5 connected in series between node 127 and node 1 17. 

Inverter chain 119 and latches 121, 125 are also provided in the flip-flop circuit. 
Inverter chain 119 consists of three inverters connected in series. Clock signal CLK is 
received at input node 101, which is connected to one input of NAND 116 and the 
input of inverter chain, 119. Inverter chain 119 is connected in series between node 

10 101 and node 129 and the output of inverter chain 119 is connected to one input of 
NAND 116. The output of NAND 116 is connected to inverter 114. The output of 
inverter 1 14 is connected to the gates of transistors 106, 1 10. Data signal D is received 
at data input 105, which is connected to the gate of transistor 104. 

Node 107 is defined as the connection between transistors 102, 104. Node 107 is 

15 connected to the gates of transistors 108, 1 12 and to latch 121. Node 109 is defined as 
the connection between transistors 108, 1 10 and is connected to latch 125. 

In one embodiment of ep-DCO 100, latches 121, 125 comprise back-to-back 
connecting inverters. Each latch is composed of 2 inverters, with one inverter being 
weaker than the other. In this embodiment, a latch will retain its value even if 

2 0 disconnected from the rest of the circuit. 
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In one embodiment of ep-DCO 100 transistors 102, 108 are P type transistors. 
A P type transistor turns on between its source and its drain when its gate is at a low 
potential and turns off when its gate is at a high potential. 

In one embodiment of ep-DCO 100 transistors 104, 106, 110, 112 are N type 
5 transistors. An N type transistor is on between its source and drain when its gate is at a 
high potential and is open (off) between its source and its drain when its gate is at a low 
potential. 

The operation of prior art flip-flop ep-DCO 100 of Figure 1 is as follows. The 
rising edge on signal CLK at input 101 generates a positive edge at transistors 106, 
10 110. The pulse width could be controlled by inverter-chain 119. 

During the evaluation period, the clock pulse at node 103 feeds to transistors 
106, 110. At the clock pulse rising edge transistors 106, 110 turn on. If the input D at 
node 105 is high, then transistor 104 is on. The NMOS stage of first branch 135 turns 
on. Node 107 pulls to GND. PMOS transistor 108 turns on and charges node 109. The 
1 5 signal at node 109 therefore pulls up to high. 

Conversely, if the input D at node 105 is low, then transistor 104 turns off. The 
NMOS stack of first branch 135 will turn off as well. Signal X (the output of first 
branch 135 of ep-DCO 100) at node 107 is high because node 107 was pre-charged by 
the previous cycle. Transistor 112 turns on when the clock pulse is high, as will 
2 0 transistor 110. Node 109 will be pulled down to the low state. 
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During the pre-charge period (i.e. when clock signal CLK is low), transistor 102 
is on and pulls signal X at internal node 107 to high. Transistors 106, 110 will turn off 
and both the NMOS stacks of the two branches are off. The output at node 109 is kept 
by latch (keeper) 125. 

While flip-flop 100 is adequate for performing the clock function in a processor, 
it has limitations. There is constant and redundant switching activity at internal node 
107. This undesirable switching activity occurs because node 107 is pre-charging and 
discharging even when D is kept high. Additionally, glitches appear at the output node 
that could cause noise problems in the subsequent circuits. Additionally, ep-DCO 100 
consumes relatively large amounts of power because of the three clocked transistors 
that are used. Clocked transistors are those whose gates are connected to receive a 
clock pulse. 

It is an object of the present invention to provide a flip-flop that minimizes 
redundant switching activity. 

It is an object of the present invention to provide a flip-flop that prevents 
glitches at the output node. 

It is another object of the invention to provide a flip-flop that consumes less 
power than current flip-flop devices. 
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BRIEF SUMMARY OF THE INVENTION 



A single-transistor-clocked flip-flop is provided. The device has two branches, 
each of which has two transistors connected in series to a third transistor that is shared 
with the other branch. The shared transistor is connected to a pulse generator. In a 
preferred embodiment the device can be configured as a static explicit pulsed flip-flop 
which uses only two clocked transistors. The present invention has several novel 
features and advantages when compared to prior art systems. 

One feature of the present invention is that it eliminates redundant switching 
activity within the flip-flop. 

Another feature of the present invention is that it minimizes or prevents glitches 
at the output node. 

Another feature of the present invention is that it uses less power than the prior 
art flip-flops 

Advantage of the invention is that it uses fewer transistors. 

An additional advantage of the invention is that it is easier to construct because 
it uses fewer transistors. 

These and other objects, advantages, and features of this invention will be 
apparent from the following description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a circuit diagram of a flip-flop known in the prior art. 

Figure 2 is a circuit diagram of one preferred embodiment of the invention. 
5 Figure 3 depicts a timing diagram that corresponds to the embodiment of the 

invention depicted in Figure 2. 

Figure 4 depicts an embodiment of the invention that includes the static explicit 
pulsed flip-flop. 

1 0 DETAILED DESCRIPTION OF THE INVENTION 

In the following detailed description of the embodiments reference is made to 
the accompanying drawings. The drawings are intended to show, by way of 
illustration, specific embodiments in which the invention may be practiced. It is to be 

15 understood that other embodiments of the invention may be utilized and structural 
changes may be made without departing from the scope of the present invention. 

Referring to Figure 2, a flip-flop is shown that is an embodiment of the present 
invention. Flip-flop 200 comprises first branch 235, second branch 233, and pulse 
generator 240 (includes components 214, 216, 219). First branch 235 includes first 

2 0 branch transistors 202, 204 and shared transistor 210 connecting in series between first 
node 227, which is coupled to a high or logic one potential, and a second node 217 
which is coupled to a low, or logic zero potential. Second branch 233 is provided and 
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shares shared transistor 210 with first branch 235. In addition to shared transistor 210, 
second branch 233 includes second branch transistors 206, 208 which are connected in 
series between first node 227 and second node 217. 

Inverter chain 219 (which comprises a series connection of three inverters), first 
5 branch latch 221, and second branch latch 225 are also provided in the flip-flop circuit. 
Clock signal CLK is input at input node 201, which is connected to the input of NAND 
216 and input of inverter chain, 219. Inverter chain 219 is connected in series between 
node 201 and node 229. Node 229 is in turn connected to one input of NAM) 216. The 
output of NAND 216 is connected to inverter 214. The output of inverter 214 is the 

10 Clock Pulse. 

Inverter chain 219, NAND 216, and inverter 214 together make up pulse 
generator 240. The output of inverter 214 is connected to the gate of shared transistor 
210. Data signal D is input at data input 205, which is connected to the gates of first 
branch transistors 202, 204 and to the input of data inverter 212. Data inverter 212 is 

15 between node 211 and data input 205. The output of data inverter 212 is Db, the 
complement of D. Node 21 1 is connected to the gate of transistor 208. 

Source node 215 is defined as the common connection between the sources of 
transistors 204, 208, 210. Internal signal node 207 is defined as the connection 
between transistors 202, 204, the gate of transistor 206, and first branch latch 221. 

2 0 Node 209 is defined as the connection between transistors 206, 208 and second branch 
latch 225. 
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In one embodiment latches 221, 225 comprise back-to-back connecting 
inverters. One inverter is selected to be weaker than the other. For this embodiment, 
the latch will retain its value even if disconnected from the rest of the circuit. 

In one embodiment, transistors 202, 206 are P type transistors, each of which 
5 turns on between its source and drain when its gate is at a low potential and turn off 
when its gate is at a high potential. In that same embodiment, transistor 210 is an N 
type transistor which is on between its source and drain when its gate is at a high 
potential and which is open (off) between its source and drain when its gate is at a low 
potential In the embodiment of Figure 2 transistors 204, 208 are N types as well 

1 0 The operation of flip-flop 200 will now be described with reference to Figure 2. 

The rising edge on CLK signal at input node 201 generates a positive edge at the gate 
of transistor 210. The pulse width could be controlled by inverter chain 219. 

When the Clock Pulse generated at node 203 feeds a Clock Pulse rising edge to 
the gate of transistor 210, transistor 210 turns on. If input D at node 205 is high, D at 

15 node 211 will be low, transistor 204 will be on, and transistor 208 will be off. 

Therefore, when D is high at 205 the NMOS stage of the first branch will be turned on. 
Further analyzing the state of the devices when D is high, we find that because 
transistors 204 and 210 are on, internal signal node 207 will pull to GND. Therefore 
PMOS transistor 206 turns on and charges node 209 up to high. 

2 0 If D at node 205 is low, Db at node 21 1 is high and transistor 204 turns off The 

NMOS stack of the first branch turns off as well. Transistor 208 turns on when the 
Clock Pulse is high; transistor 210 is on as well, and therefore node 209 pulls down to 
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low. When the Clock Pulse is low shared transistor 210 turns off and both the NMOS 
stacks of the two branches are off. The output at node 209 is kept by latch (keeper) 225. 

A timing diagram for the flip-flop embodiment 200 is shown in Figure 3. The 
following items are shown: input clock signal CLK from node 201; the input data D at 
5 node 205, output Q (the output of flip-flop 200) at node 209, internal signal X (the 
output of first branch 235) at internal signal node 207; and Clock Pulse at node 203. 
The Clock Pulse is generated when input node 229 of NAND gate 216 is delayed by 
inverter 219 with respect to input node 201. NAND gate 216 will therefore output a 
falling edge pulse at node 231, which connects to the gates of inverter 214 when input 

10 nodes 229 and CLK are both high. Inverter 214 will then output a rising edge pulse to 
transistor 210, and transistor 210 will turn on. When D at node 205 is high, transistor 
204 turns on and internal signal node 207 discharges to low by transistors 204, 210. If 
X is low, then transistor 206 turns on and pulls node 209 to high. 

If transistor 204 is off and node 211 is high, transistor 208 turns on, and node 

1 5 209 is discharged to low by transistors 208, 210. When the Clock Pulse at 203 is low, 
transistor 210 turns off and the NMOS stacks in both the first and second branches turn 
off. Output Q at node 209 is thus decoupled from input data D. 

Flip-flop 200 has many advantages over prior art systems such as ep-DCO 100 
shown in Figure 1. For example, the internal node redundant switching is eliminated as 

2 0 compared with ep-DCO 100. An additional feature of flip-flop 200 is that low swing 
clock can be applied. First branch 235 drives only one PMOS transistor, transistor 206. 
Therefore the capacity load on node X is smaller than the load found in the ep-DCO 
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device. The lower load helps increase the speed of flip-flop 200. The dual path 
topology can drive a large capacity load at output Q. A further advantage of flip-flop 
200 is that a double edge can be employed by applying a double edge pulse generator. 
In an alternate embodiment, transistors 202, 206 are selected as NMOS devices 
5 and transistors 204, 208 are PMOS devices. In this alternate embodiment transistor 
210 will still be a P type transistor. In this alternate embodiment first node 227 would 
be set to low and second node 217 would set to high potential. Additionally, the drains 
of transistors 204, 208 would be connected to the drain of shared transistor 210 at node 
217, which would then be known as a drain node. 

1 0 Figure 4 depicts a circuit diagram of another embodiment of the invention. The 

embodiment of Figure 4 is static explicit pulsed flip-flop 400. Static explicit pulsed 
flip-flop 400 comprises first branch 435, second branch 433, and a pulse generator that 
consists of inverter chain 419, NAND 416, and inverter 414. First branch 435 includes 
transistors 402, 404 and clocked transistor 406 which are connected in series between 

15 first node 427, which is coupled to a high or logic one potential, and second node 417 
which is coupled to a low, or logic zero potential. Second branch 433 is provided and 
includes transistors 408, 410 and clocked transistor 412 which are connected in series 
between first node 427 and second node 417. 

First branch latch 421 and second branch latch 425 are also provided in the 

20 circuit of flip-flop 400. Clock signal CLK is received at input node 401, which is 
connected to one input of NAND 416 and to the input of inverter chain 419. Inverter 
chain 419 is connected in series between the node 401 and node 429 and the output of 

74765i-i Page 11 of 14 



inverter chain 419 is connected to one input of NAND 416. The output of NAM) 416 
is connected to inverter 414. The output of inverter 414 is connected to the gates of 
clocked transistors 406, 412. Data input signal D is received at node 405, which is 
connected to the gates of transistors 402, 404. 
5 Node 407 is defined as the connection between transistors 402, 404. Node 407 

is also connected to the gates of transistors 408, 410 and to latch 421. Node 409 is 
defined as the connection between transistors 408, 410 and is connected to latch 425. 

In one embodiment latches 421, 425 comprise back-to-back connecting inverters 
(one inverter is weaker than the other). In this embodiment, a latch will retain its value 

1 0 even if disconnected from the rest of the circuit. 

Transistors 402, 408 in one embodiment are P type transistors which turn on 
between their source & drain when their gates are at a low potential and which turn off 
when their gates are at a high potential. Transistors 404, 406, 410, 412 in one 
embodiment are N type transistors, each of which is on between its source and drain 

1 5 when its gate is at a high potential and which is open (off) between its source and drain 
when its gate is at a low potential. 

Static explicit pulsed flip-flop 400 operates as follows. The rising edge on CLK 
signal 401 generates a positive edge at clocked transistors 406, 412. The pulse width 
could be controlled by inverter-chain 419. 

20 During the evaluation period, Clock Pulse at node 403 feeds to clocked 

transistors 406, 412. At the rising edge of the Clock Pulse, clocked transistors 406, 412 
turn on. If D at node 405 is high, then transistor 404 is on, so the NMOS stage of the 
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first branch turns on. Node 407 pulls to GND. PMOS transistor 408 turns on and 
charges node 409 up to high. If data signal D at node 405 is low, then transistor 404 
turns off. The NMOS stack of 1st branch turns off as well. X at node 407 will be high 
because node 407 is charged by PMOS transistor 402. With X at a high potential, 
5 NMOS transistor 410 turns on. When the Clock Pulse is high, transistor 412 is on as 
well, and node 409 pulls down to low. 

During the hold period (i.e. the Clock Pulse is low), clocked transistors 406, 412 
turn off, and the NMOS stacks in both the first branch and the second branch are off. 
Output Q at node 409 is kept by latch (keeper) 425. 
1 0 Clocked transistors are those whose gates are connected to receive a clock pulse. 

As shown in Figure 4, the number of clocked transistors in static explicit pulsed flip- 
flop 400 is two, as compared to three clocked transistors as shown in the prior art 
device of Figure 1. Therefore the power dissipation in the clock distribution network 
will be decreased. 

15 Low swing or double edge clocking, or both, could be used to further reduce 

power consumption in flip-flop 200 and static explicit pulsed flip-flop 400. As with 
flip-flop 200, one could switch the one and zero logic potentials and the N and P type 
transistors and have an alternate design of static explicit pulsed flip 400. 

The above technique reduces the clocked transistors in the flip-flop and 

2 0 therefore the clocked tree has less clocked capacity load to drive. This reduction of 
capacity load shrinks the size of the overall clock distribution network, so that a 
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significant decrease in power consumption can be realized. It is clear that these flip- 
flops are suitable for low power, high performance digital systems. 

There are of course other alternate embodiments that are obvious from the 
foregoing descriptions of the invention, which are intended to be included within the 
5 scope of the invention, as defined by the following claims. 
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